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Abstract. The giant scallop, Placopecten magellanicus, 
exhibits a discrete gametogenic cycle which varies be¬ 
tween populations. In our study, spawning occurred later 
in scallops from New Jersey than in those from New¬ 
foundland, but there is no latitudinal trend when data 
from the literature are considered. Reproduction is prob¬ 
ably controlled by local environmental factors. 

There was high intraspecific variation in shell and so¬ 
matic growth rates, and in the production of somatic and 
germinal tissue. Reproductive output in particular 
showed great plasticity. Variation in these traits along a 
depth gradient on a micro-geographical scale was equal 
to or greater than variation on a latitudinal scale, al¬ 
though reproductive output in New Jersey scallops ex¬ 
ceeded that of scallops from Newfoundland. Enhanced 
reproductive output was associated with reduced lon¬ 
gevity. 

Introduction 

Many species of marine ectotherms are distributed 
over a wide latitudinal range and often display intraspe¬ 
cific variation in physiological characteristics and life- 
history strategies (Levinton, 1983). Such species are ideal 
candidates for determining which environmental fac¬ 
tors, such as water temperature, that vary with latitude 
in a predictable manner may influence the growth and 
reproduction of individual animals. Causal relationships 
between water temperature and growth or reproductive 
output have proved difficult to establish unequivocally, 
owning to local variations in environmental conditions, 
such as food availability and temperature (Newell et ah, 
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1982; MacDonald and Thompson, 1985a). There is a 
need for studies in which intraspecific variation on a mi¬ 
cro-geographic scale is examined fora number of charac¬ 
ters and related to observations on latitudinally sepa¬ 
rated populations. 

With some exceptions, the general consensus in the 
literature is that bivalve molluscs from low' latitudes 
grow' more rapidly at ambient temperature, attain a 
smaller maximum size, and have a shorter lifespan than 
do conspecifics from higher latitudes (Newell, 1964). 
This view is supported by studies on several species of 
bivalves, including Siliqua panda (Weymouth et ah, 
1931) and Mytilus edulis (Seed, 1976), but clear latitudi¬ 
nal trends have not been observed in others, e.g., Mya 
arenaria (Brousseau, 1979) and Placopecten magellani¬ 
cus (Posgay, 1979). In Macoma halthica from North 
America, however, maximum size is greatest in popula¬ 
tions from low'latitudes, whereas in M . halthica from Eu¬ 
rope growth is faster at intermediate latitudes (Gilbert, 
1973; Bachelet, 1980; Beukemaand Meehan, 1985). 

There is an extensive literature on the gametogenic cy¬ 
cle and the timing of spawning in many bivalve species 
(Giese and Pearsc, 1974; Sastry, 1979; Newell et ah, 
1982). For several species in the northern hemisphere, 
spawning occurs at higher temperatures and later in the 
year in southern populations than in northern ones (Sas¬ 
try, 1970, 1979; Seed, 1976; Barber and Blake. 1983), 
and is often more synchronized at higher latitudes (Oc- 
kelmann, 1958; Bricelj etah, 1987). Unfortunately,there 
is very little information on intraspecific variation in re¬ 
productive output and reproductive effort in latitudi¬ 
nally separated populations (Bricelj et al., 1987), yet 
these quantities are often more sensitive to environmen¬ 
tal change than is shell growth, the most commonly mea¬ 
sured variable (MacDonald and Thompson, 1985a, b). 
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The giant scallop Placopeeten magellanicus is found 
only in the northwest Mlaniic. between the Strait of Belle 
Isle. Newfoundland, and Cape Hatleras. North Carolina 
(Posga\. 195^: Porter. 1974). In previous papers, we have 
described how local variations in temperature and food 
supply can influence shell growth, somatic production, 
gamclogcnesis, and reproductive characteristics in popu¬ 
lations from Newfoundland (MacDonald and Thomp¬ 
son, 1985a, b, 1986; MacDonald et aL. 1987). In this pa¬ 
per. we integrate this information with data from scallop 
populations in New Brunswick and New Jersey, to fur¬ 
ther our know ledge of intraspecific variation in I\ nuigel- 
lanicus The objectives are to establish whether growth 
and reproductive parameters show identifiable latitudi¬ 
nal trends, to determine w hich ones should be regarded 
as plastic or variable on a local scale, and to understand 
the possible adaptive value of the observed strategics. 

Materials and Methods 

Study sites and environmental data 

Scallops were collected from Sunnysidc (47°5P N, 
53°55' W) in Trinity Bay, Newfoundland, by SCUBA di¬ 
vers, from St. Andrews (45°04'N, 67°04'W) in Passama- 
quoddy Bay. New Brunswick, and from a bed near As- 
bury Park (40° 13'N, 73°47AV). New Jersey, (Fig. I) using 
a modified Digby dredge. Collections were made approx¬ 
imately monthly between July 1982 and November 
1983 at Sunnyside and New Jersey for determination of 
the gametogenic cycle. In 1983 a complete size range of 
scallops was obtained in the months immediately before 
and after spawning at Sunnysidc (July/Seplember). St. 
Andrews (July/November), and New'Jersey (September/ 
November), to measure the weight loss of the gonad on 
spaw ning. Samples were obtained from depths of 10 and 
31 m in Sunnyside and St. Andrews but were only avail¬ 
able from 31 m at the New Jersey site. 

Seasonal water temperatures were recorded in Sunny¬ 
side using moored 180 d continuous recording thermo¬ 
graphs (Ryan Instruments. Seattle, Washington) and in 
New Jersey by means of a maximum-minimum ther¬ 
mometer. Temperature cycles for St. Andrews were ob¬ 
tained from Forgeron (1959) and represent mean values 
for the 1957 and 1958 seasons combined. An approxi¬ 
mation for water temperature at 10 m was calculated by 
averaging the temperature at the surface and the bottom 
(24 m). 

(iron th rates 

Ages of individual scallops were estimated by inter¬ 
preting external grow th rings on the shell (Stevenson and 
Dickie. 1954) and growth increments on the calcareous 
portion of the ligament (Merrill el ai, 1966). Measure- 



side); It—Passamaquodd) Bay (SA Si. Andrews); C—New Jersey. 
NL—northern limit of distribution. SL—southern limit of distribu¬ 
tion. 


ments of shell height [maximum distance between the 
dorsal (hinge) and ventral margin (Seed, 1980)] were re¬ 
corded to the nearest 0.1 mm using vernier calipers. 
Mean shell heights for each age class were estimated us¬ 
ing the von Bcrtalanlfy equation: 

U l = Hx[l e KU t o ) ] 

where II, = shell height at time t, 11 / = mean asymp¬ 
totic shell height, K the Brody growth coefficient and t 0 
= a parameter representing lime when shell height equals 
zero. The von Bcrtalanlfy functions were fitted by itera¬ 
tion, using the Marquardt algorithm available in the 
NU N procedure of the Statistical Analysis System (SAS 
Inslitutc Inc.). 

Weights of the gonad and remaining (somatic) tissue 
were determined separately for individual scallops after 
drying at 90°C for 48 h. The mean somatic weight for 
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each age class was estimated using polynomial regres¬ 
sion, which has some advantages over the von Berta- 
lanfly function for describing somatic growth rates (Mac¬ 
Donald and Thompson, 1985a). Polynomial regression, 
which was computed by the General Linear Model 
(GLM) procedure of SAS, may be described by the fol¬ 
lowing equation: 

>' = do + Pi* + ft?x 2 + ft 3 x 3 - • .j8 m x m + t 

where jd 0 . jd, • * -jtf m = population parameters, y = the pre¬ 
dicted somatic weight for a given value of x (age) and 
e = random error at observation x. Linear correlation 
between regressors (multicollinearitv) was reduced by re¬ 
placing values of x with (x x) (Neter et ciL , 1983). 

For predictive and comparative purposes, relation¬ 
ships between shell height and somatic or gonad weight 
were fitted by SAS (GLM procedure) to the allometric 
equation y = ax b , where y is the predicted weight (g) at a 
given shell height x (mm), and a and b are fitted parame¬ 
ters. A linear form of this equation was obtained by 
transforming both variates to logarithms and fitting the 
data to a straight line by least squares regression. Owing 
to possible seasonal differences in shell and somatic 
growth rates, only those scallops collected from Sunny- 
side and New Jersey between July and December were 
used in comparisons with St. Andrews. Statistical com¬ 
parisons between scallops from the three locations were 
only made on those individuals collected in 1983 ranging 
in age from two to eight years because these were the only 
age classes common to all three populations. 

Gametogenic cycle and gamete volume fraction 

To establish the gametogenic cycle, histological sec¬ 
tions were prepared from the gonads of six male and six 
female scallops in each monthly sample from Sunnyside 
(10 m depth) and New Jersey. The proportions of the 
gonad occupied by developing gametes and mature ga¬ 
metes (the volume fractions) were estimated by a stereo- 
logical procedure (Lowe et ai, 1982). The gamete vol¬ 
ume fraction (GVF) was calculated as the sum of the val¬ 
ues for developing and mature gametes (for details see 
MacDonald and Thompson, 1986). 

Production 

Somatic tissue production (Pg) was calculated from 
the increments in dry tissue weight between consecutive 
year classes, assuming that 1 g dry weight = 24.5 kJ 
(Thompson, 1977). Since Placopecten magellanicus has 
a discrete reproductive cycle and spawns only onee a 
year, gamete production (Pr) was estimated from the 
weight loss of the gonad on spawning in scallops of given 
age (determined from the von Bertalanffy equation de¬ 
scribing shell height as a function of age), and then con¬ 


verting to units of energy (1 g dry gametes = 26.0 kJ; 
MacDonald and Thompson, 1985b). Data from males 
and females were combined, because there were no con¬ 
sistent differences between the sexes in somatie or gonad 
growth curves (MacDonald and Thompson, 1985b). 

Reproductive effort 

Reproductive effort (RE), defined as the proportion of 
non-respired assimilation allocated to reproduction, was 
calculated for each age class: 

RE = [Pr/(Pg+ Pr)] - 100 

To compensate for differences in growth rate between 
populations, RE was also expressed as a function of so¬ 
matic weight (MacDonald ct ai , 1987). Furthermore, 
there were differences in longevity between populations 
(MacDonald and Thompson 1985a; this paper), so we 
also related RE to the proportion of the lifespan repre¬ 
sented by any given age. 

Results 

Water temperature 

Water temperatures were higher off New 7 Jersey than 
at the more northerly sites, except in the summer, when 
the water at St. Andrews was warmer than elsewhere 
(Fig. 2). In New Jersey, the temperature reached 17°C in 
November, but never fell below 5°C during the winter, 
whereas at St. Andrews and particularly at Sunnyside, 
winter temperatures were much lower. The form of the 
temperature cycle was similar at St. Andrews and Sunny¬ 
side. Water temperatures in the shallower depths at these 
two locations generally exceeded those in deeper water, 
except during the winter (December-April), when the 
water columns were vertically mixed. Cumulative an¬ 
nual day degrees were estimated as 3180 for New Jersey, 
2536 (10 m) and 2400 (31 m) for St. Andrews, and 1451 
(10 m) and 957 (31 m) for Sunnyside. 

Gametogenic cycle 

Gametes observed in histological sections were di¬ 
vided into two categories: (1) developing gametes (DG), 
representing early stages, and (2) mature or ripe gametes 
(MG), (MacDonald and Thompson, 1986). Since the ga¬ 
metogenic cycles of Sunnyside scallops from 10 m and 
31 in were similar (MacDonald and Thompson. 1986), 
only data from 10 m were used in comparisons with New 
Jersey scallops. 

In both populations (Sunnyside and New Jersey), the 
seasonal cycles for GVF (TG; males and females com¬ 
bined) were very similar, although in both years Sunny¬ 
side scallops spawned two months earlier than those 
from New Jersey (Fig. 3). According to Dickie (1953) 
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Figure 2. Water temperatures. • • Sunnyside (10 m); 0---0 

Sunnyside (31 m): ■- ■ St. Andrews (10 m): St. Andrews (31 

m): A---A New Jersey. 


and Beninger (1987), spawning in PUicopcctcn magellan- 
icus from the St. Andrews area occurs at the same time as 
it does at Sunnyside, />.. late August to early September. 
Whereas gametogenesis began earlier in the year at Sun¬ 
nyside than at New Jersey, mature (ripe) gametes did not 
appear in Sunnyside scallops until April, compared with 
January for New Jersey scallops in which mature ga¬ 
metes were present almost year-round. There was a small 
decrease in GVF (MG) during June and July in scallops 
from New* Jersey, followed by an increase in August, 
which may suggest partial or dribble spawning (Newell 
ctcii. 1982). 

Shell growth 

Von Bertalanlfy equations were used to relate shell 
height to age for all age classes represented in each sam¬ 
ple (Table I). There was a latitudinal gradient in longev¬ 
ity (Sunnyside > St. Andrews > New Jersey: see legend 
to Table 1), although there was no clear trend for asymp¬ 
totic height (H / ). Shell height was greatest at Sunnyside 
(10 m) and least at New Jersey, with intermediate values 
in scallops from St. Andrews, but in deeper water (31 m) 
at Sunnyside 11/ was relatively small. The Brody 
growth coelhcient (k) was lower in the Sunnyside popu¬ 
lation (especially at 31 m) than in the others, indicating 
that scallops from Sunnyside reached asymptotic height 
relatively slowly compared with those from more south¬ 
erly locations, but caution must be exercised in com par- 
inggrowth coefficients when 11 / values are dilfercnt (see 
Discussion). 

Fora rigorous comparison of growth rales, polynomial 


regressions afford the advantage that they can be handled 
by linear models (MacDonald and Thompson, 1985a). 
Comparisons were made between scallops from 31 m at 
Sunnyside. St. Andrews, and New’ Jersey, and also be¬ 
tween scallops from the shallowest depths from which 
they were obtained at each location, using data for indi¬ 
viduals two to eight years old (Fig. 4. Table 11). Scallops 
from 31 m at New Jersey and St. Andrews grew’at similar 
rates but significantly faster than scallops from 31 m at 
Sunnyside. However, w hen scallops from the shallowest 
collection depths were compared, shell growth was sim¬ 
ilar at all three sites. 

Somatic weight 

Polynomial regressions of somatic weight against age 
were also compared (Fig. 5. Table II). For scallops from 



Figure 3. Ciumcle volume traction for scallops. PUicopcctcn nui - 
gcllantcus, from Sunnyside (10 m depth; • •) and Ncvs Jersey 

<▲ a). Data fordevelopinggametes(DG)and mature gametes (MG) 

are for males only, whereas data for total gametes (TG) arc for males 
and females combined. Values arc means ± 95% confidence limits. 
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Table I 


Parameters (± 95% C.L.) of the von Bertalanffy equations describing shell height (If, mm) as a function of age (years) 
in Plaeopecten magellanieus collected from depths of 10 m and 31 m in three locations 



Sunnyside, Newfoundland 

St. Andrews, New Brunswick 

New Jersey 

10 m 

31 m 

10 m 

31 m 

10 m 31m 

Hi 

176.5 ±3.0 

158.4 ±3.3 

166.9 ±12.5 

166.0 ±8.1 

155.9 ±9.6 

K 

0.19 ± 0.013 

0.16 ± 0.015 

0.21 ± 0.033 

0.21 ±0.032 

— 0.22 ± 0.04 

*0 

0.55 

0.10 

0.51 

0.53 

— 0.32 

r 

0.97 

0.97 

0.96 

0.98 

— 0.95 

n 

272 

243 

83 

73 

— 145 


The age classes found were 1-20 years at Sunnyside. 1-12 years at St. Andrews, and 1-10 years at New Jersey, f = coefficient of determination, 
n = number of observations. 


31m, all regressions were significantly different, somatic 
weight being greatest at St. Andrews and least at Sunny- 
side. However, at the shallowest depths somatic weight 
was greater in scallops from St. Andrews and Sunnyside 
than in those from New Jersey. Significant differences 
were also observed between linear regressions of somatic 
weight against shell height (both variates transformed to 
logarithms), excepting the samples from the shallowest 
collections at Sunnyside and New Jersey (Tables II, III). 

Production 

There was a clear latitudinal trend in gamete produc¬ 
tion (Pr) by individual scallops from 31 m depth (New 
Jersey > St. Andrews > Sunnyside) which was also re¬ 
flected in total production (Pg + Pr), but the greatest so¬ 
matic production (Pg) was at St. Andrews and the least 
at Sunnyside (Fig. 6). Scallops from New Jersey also pro- 




4 6 8 
AGE (yr) 


duced more gametes than those from shallow water (10 
m) at the more northerly locations, and older individuals 
from New Jersey (>5 years) showed greater total produc¬ 
tion. For scallops from the shallowest depths at each site, 
Pg increased at higher latitudes (Sunnyside 10 m > St. 
Andrews > New Jersey), although the lowest values for 
Pg were observed in samples from 31 m at Sunnyside. 
All comparisons of gonad dry weight at any given shell 
height showed significant differences between popula¬ 
tions. excepting that between Sunnyside (10 m) and New 
Jersey (Table 11). 



Figure 4. Shell growth in scallops, Plaeopecten magellanieus, from 
Sunnyside (• 10 m; 0 31 m), St. Andrews (■ 10 in: □ 31 m)and New 
Jersey (A). 


F igure 5. Somatic growth (dry tissue less gonad and shell) in Placo- 
pecten magellanieus from Sunnyside (#• • • 10 m; 0---0 31 m), St. 
Andrews (■ ■ 10 m; □---□31 m), and New' Jersey (A---A). 
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1 able 11 


Summary of (a) / values tor comparisons of polynomial regression equations (shell height and somatic weight against age) and (b) comparisons 
ofal/ometric relationships between somatic weight, gonad weight, and shell height for populations of Placopecien magcllamcus 





31 m v s 31 m vs 31 m 



10 m \ s 31 m * vs 10 m 




NF vs NJ 

NJ vs NB 

NF vs NB 

NF vs NJ 

NJ vs NB 

NF vs NB 

(a) Polynomial l values 







Shell 

(3o 

5.05*** 

0.69 

4.11*** 

0.85 

0.32 

1.59 

Height 

ft 

4.37*** 

0.44 

4.82*** 

1.41 

0.58 

1.12 

vs. 

A 

0.70 

0.73 

0.10 

1.13 

1.33 

0.10 

age 

ft 

1.84 

1.29 

0.88 

0.87 

1.31 

0.39 

Somatic 

ft 

3.58*** 

4.51*** 

7.71*** 

4.29*** 

7.06*** 

3.67*** 

Weight 

vs. 

ft 

3.06** 

1.22 

5.47*** 

2.05 

2.71** 

0.73 

age (3 2 

(b) Allomeinc regression t values 

0.99 

0.63 

0.55 

0.57 

0.62 

0.02 

Somaiic 

Weight 

vs. 

log a 

2.71** 

11.10*** 


8.96*** 

10.12*** 

0.67 

Shell 

Height 

b 

0.59 

1.54 

2.48* 

1.15 

0.12 

1.53 

Gonad 

Weight 

vs. 

log a 

— 

8.00*** 

— 

2.32 

6.52*** 

— 

Shell 

Height 

b 

4.88*** 

0.45 

5.64*** 

0.35 

2.22 

2.54* 


Samples were collected from New Jersey (NJ; 31 m). Si. Andrews, New Brunswick (NB; 10 and 31 m), and Sunnyside, Newfoundland (NF: 10 
and 31 m). (*P<0.05, **/* <0.01, ***P< 0.001,4 indicates NJ sample). 


uals from the other populations (Fig. 7). At Sunnyside, 
production per unit weight was greater at 10 m than at 
31 m, whereas at St. Andrews the turnover ratio for scal¬ 
lops less than 6 years old was independent of depth. With 
the exception of the New Jersey population, turnover ra¬ 
tio was a decreasing function of age. 


Reproductive effort 

There was considerable variation in RE between sites 
and between depths (Fig. 8). For all ages and sizes, RE at 
any given age or somatic weight was greatest in scallops 
from New Jersey, owing to higher Pr and lower Pg values 
than in individuals from the other populations. At Sun¬ 
nyside, scallops from 10 m had a greater RE than those 
from 31 m. Reproductive elfort was greater in young 
scallops (<5 years) from Sunnyside than in those from 
similar depths at St. Andrew s, but lower in scallops older 
than 5 years I lowever, when expressed as a function of 
lifespan RE was greatest in Sunnyside scallops and least 
m those from St. Andrews (Sunnyside 10 m > Sunnyside 
31 m > New Jersey > St. Andrews 10 m > St. Andrews 
31 m), /. e ., ihe maximum values observed for R1 were in 
large, old individuals from the Newfoundland location. 


The large reproductive output and low body weight of 
New 7 Jersey scallops resulted in a higher turnover ratio 
[production: biomass ratio, (Pr & Pg)/B] than in individ- 


Table III 


Allometric relationships between tissue weight and shell height in 
Placopecien magellanicus collected m 1983 from depths 
of 10 m and 31 m in three locations 



Sunnyside, 

Newfoundland 

St. Andrews, New 
Brunswick 

New Jersey 


10 m 

31 m 

10 m 

31 m 

10 m 

31 m 

Somaiic 

log a 

4.67 

-3.76 

-4.77 

-4.55 

— 

-4.94 

b 

2.77 

2.28 

2.83 

2.72 

— 

2.86 

r 

0.97 

0.83 

0.99 

0.99 

— 

0.93 

n 

93 

97 

83 

75 

— 

48 

Gonad 

log a 

6.29 

5.75 

9.96 

-8.21 

— 

-7.89 

b 

3.29 

r- 
oc 
r i 

5.05 

4.16 

— 

4 18 

r 

0.83 

0.60 

0.92 

0.93 

— 

0.95 

n 

41 

48 

43 

41 

— 

24 


Regressions arc of ihe form W all h where W dry weight (g) of 
the somaiic tissue or of the gonad immediately before spawning, II 
shell height (mm), a and bare titled parameters. 
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Figure 6. Gonad production (P r ), somatic production (P g ) and total production (P g + P r ) by individual 
scallops, Placopectcn magellanicus, from Sunnysidc (• • 10 nr, O—-O 31 m), St. Andrews (■---■ 10 

m; 31 m), and New Jersey (A---A). 


Discussion 

In all the populations of Placopectcn magellanicus ex¬ 
amined here and in others described elsewhere (Thomp¬ 
son, 1977; Robinson et at. , 1981; Beninger, 1987) there 
is a discrete annual reproductive cycle with a well-syn¬ 
chronized spawning period. A slight decrease in GVF in 
New Jersey scallops during June and July may represent 
a minor spawning of the type described by Naidu (1970) 
for scallops from a bed in western Newfoundland, but 
we did not observe this phenomenon in Sunnvside scal¬ 
lops. In Newfoundland, scallops spawn in August-Sep- 
tember (Naidu, 1970; this study). Beninger (1987) and 
Robinson ct ai (1981) report a similar timing in P. ma - 
gelkmicus from the Bay of Fundy and from Maine, re¬ 
spectively. Our observation that the giant scallop spawns 
later in the year off the coast of New Jersey suggests that 
this species may be similar to the bay scallop Argopecten 
inaclians , in which spawning occurs later in southern 
populations than in those further north (Sastry, 1970; 
Barber and Blake, 1983). Sastry (1970) attributed this lat¬ 
itudinal differentiation in the gametogenic cycle of A. ir- 
radians to differences in food supply, since the peak in 
phytoplankton availability occurs later at the southern 
location than the northern one. However, according to 
some reports, P. magellanicus spawns early (July) at the 
southern limit of its range (MacKcnzie, 1979). On the 
north shore of the Gulf of St. Lawrence, which is close 
to the northern limit, spawning also takes place in July 
(Gaudet, pers. comm.). Thus, there are no clearly identi¬ 
fiable latitudinal trends in the timing of spawning, al¬ 
though the variation appears to be less than in some 


other bivalves, notably Afviilus edulis , in which the ga¬ 
metogenic cycle may be highly variable over a small geo¬ 
graphic range (Lowe et ai , 1982; Newell et ai, 1982). 
Borrero (1987) found that the temporal variation across 
the intertidal zone in the reproductive cycle of the ribbed 
mussel Geukensia demissa may exceed that among lati- 
tudinally separated populations. As in other species, re- 



AGE ( yr ) 

Figure 7. Turnover ratios (production: biomass P/B, where P P g 
+ P r ) in scallops, Placopectcn magellanicus, from Sunnyside (• • • • 
10 m: 0---0 31 m). Si. Andrews (■---■ 10 m; 31 m), and New 

Jersey (A—-A). 
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Figure 8. Reproductive effort. 100 X P r /(P g A P r ), as a function of age, somatic weight and lifespan in 
the scallop Placopccten magcllamcus • • Sunnyside (10 ml; O---O Sunnysidc (31 m); ■ Si. An¬ 

drews ( 10 m); □---□St. Andrews (31 m); A---A New Jersey. 


production in P. magcUanicus is probably controlled pri¬ 
marily by local environmental factors, especially food 
supply, which determines the nutrient reserve and hence 
the capability to initiate gamete development (Newell cl 
aL 1982). 

Comparisons of shell growth rates from our own study 
and others show that differences in shell height at any 
given age in scallops from Newfoundland, New Bruns¬ 
wick, and Georges Bank are small (Fig. 9), and that there 
is as much variation between depths at several sites in 
eastern Newfoundland (MacDonald and Thompson, 
1985a) as there is between populations at different lati¬ 
tudes. We have some evidence for an increase in asymp¬ 
totic height in Placopccten magcUanicus at higher lati¬ 
tudes. which is consistent with studies on some bivalve 
species, but not others (see Introduction). However, 
there is a clear differentiation in longevity, which is 
greater in northern than in southern populations. 

Care must be taken when comparing shell grow th rates 
from different populations, especially when the von Ber- 
Lalanffy function is used. It is not appropriate to base 
comparisons on the parameter K when the asymptotic 
heights or lengths differ considerably between popula¬ 
tions, because K is inversely related to Her (Ralph and 
Maxwell. 1977; Haukioja and Hakala. 1979). Further- 
more. K is a growth coefficient and should not be re¬ 
garded as a growth rate per sc (Ricker, 1975). Attempts 
to combine H / and K into a single parameter have been 
made (Galluci and Quinn, 1979; Appeldoorn, 1983). but 
this docs noi overcome the fundamental problem that 
the two are interdependent (Beukema and Meehan, 
1985). Many of the literature values for von Bertalanffy 
parameters are of limited value for comparative 
purposes, since confidence limits arc often not pro\ ided. 


but several statistical packages (including SAS) now in¬ 
clude algorithms for handling nonlinear functions of the 
von Bertalanffy type and provide not only estimates of 
the parameters but also their variances. We circum¬ 
vented the problems inherent in the von Bertalanffy 
function by also fitting polynomials to the shell growth 
data, which demonstrated that growth was slower at Sun¬ 
nyside (especially at 31 m depth) than at more southerly 



Figure 9. Shell growth curves lor scallops, Placopccten wage!(ani¬ 
ens. from several locations. 1 Sunnyside, Newfoundland. 10 m depth; 
2 Sunnyside, 31 m; 3 St. Andrews, New Brunswick (all from Mac¬ 
Donald and I hompson, 1985a); 4 Georges Bank (Brown ct ai, 
1972); 5 Mid-Allanlic Bight (Serchuk ct ai, 1982); 6 - New Jersey 
(this paper). 









INTRASPECIFIC VARIATION tN SCALLOPS 


369 


locations, but the problem with this approach is that the 
coefficients themselves have no biological significance. 

There is considerable intraspecific variation in the so¬ 
matic growth rate of Placopecten magcllanicus, and in 
the production of somatic and germinal tissue, but only 
in reproductive output is there any evidence of latitudi¬ 
nal differentiation; scallops from New Jersey are more 
fecund than those from locations further north. For the 
most part, variation along a depth gradient on a micro¬ 
geographic scale may be as great or greater than variation 
on a latitudinal scale (MacDonald and Thompson. 
1985a, b; this study). Reproductive output in particular 
shows great plasticity, viz. the variation between years in 
shallow 7 water at Sunnyside. Furthermore, MacDonald 
(1986) recorded greater shell growth rates, reproductive 
output, and somatic production in giant scallops main¬ 
tained in suspended culture than in those growing on the 
bottom nearby. 

These findings are consistent with observations on 
other bivalve species. In a comparison of several popula¬ 
tions of Argopecten irradians, Bricelj et al. (1987) found 
the greatest differences in fecundity, timing of spawning, 
adductor muscle weight, and shell height to be between 
locations less than 2 km apart In the weathervane scal¬ 
lop, Patinopecten caurinus , individuals from offshore 
beds show slower shell growth, a reduced asymptotic 
height and lower somatic and germinal production than 
is found in conspecifics from inshore areas, where food 
is more plentiful (MacDonald and Bourne, 1987). The 
growth of shell and somatic tissue is enhanced in the scal¬ 
lop Chlamys islandica by growing the animals in sus¬ 
pended culture (Wallace and Rcinsnes, 1985). The mus¬ 
sel Mytilus edirfis also exhibits considerable phenotypic 
variation in reproductive characteristics over a small 
geographic range (Bayne ct al., 1983). Similar observa¬ 
tions have been made on fish (Kipling and Frost, 1969; 
Mann ct al., 1984). 

According to Calow (1979), selection for enhanced re¬ 
productive output should result in a reduction in the life¬ 
span, and there is a considerable body of evidence to sup¬ 
port this position. Thus, in Placopecten magcllanicus, 
the shift in emphasis from growth to reproduction occurs 
earlier in scallops from New’ Jersey than in those from 
more northerly locations, and total production is greater 
in the former than the latter, whereas longevity is re¬ 
duced in these productive, fecund individuals from New 
Jersey. Further evidence comes from our observations 
on scallops from various depths at Sunnyside, New¬ 
foundland. Since we were unable to resolve accurately 
growth lines for animals older than twenty years, these 
individuals were excluded from our analyses. However, 
we did record that a greater proportion (25%) of the total 
number of scallops (426) taken from 31 m depth fell into 
this category, compared with only 8.6% (n = 431) at 10 


m. Thus on this extremely small geographic scale, lon¬ 
gevity is reduced when food and temperature conditions 
are favorable and production (somatic and gonadal) by 
individual scallops is increased. Furthermore, MacDon¬ 
ald (1986) has demonstrated that asymptotic height de¬ 
creases in Placopecten magcllanicus grown in suspended 
culture, which is associated with greater production; and 
in a review of data from several species of limpets, Gra- 
hame and Branch (1985) describe a trend whereby lon¬ 
gevity is a decreasing, non-linear function of reproduc¬ 
tive output and of the grow th coefficient K. 

The importance of water temperature in determining 
geographic differentiation in growth rate and fecundity 
has been emphasized by Levinton (1983) and Lonsdale 
and Levinton (1985). The latitudinal variation in longev¬ 
ity which we have recorded in Placopecten magcllanicus 
is certainly correlated with an observed temperature gra¬ 
dient, and at the Sunnyside site there is also an increase 
in longevity (associated with decreased production) in 
scallops from deeper, colder w ater. 

There is little information on the degree to which in- 
traspecific variation in growth and reproduction is envi¬ 
ronmentally induced or genetically determined. Levin¬ 
ton (1983) identified a genetic component to somatic 
growth differences among latitudinallv separated sibling 
species in a genus of dorvilleid polychaete, and Lonsdale 
and Levinton (1986) described genetically based differ¬ 
entiation in both growth rate and fecundity along a lati¬ 
tudinal gradient in a harpacticoid copepod. Thompson 
and Newell (1985) recorded differentiation in the physio¬ 
logical response to high temperature in two latitudinally 
separated populations of the mussel Mytilus edulis, but 
were unable to determine whether this was genetic or a 
result of irreversible phenotypic adaptation. In a recipro¬ 
cal transplant experiment, Widdows et al. (1984) found 
that most of the physiological variation between two 
populations of M. edulis was attributable to environ¬ 
mental rather than to genotypic factors, although accli¬ 
matization was not complete and a genetic component 
may therefore have been present. This is consistent with 
other observations on M. edulis demonstrating that most 
of the variation in tissue growth is accounted for by site 
rather than by stock (Mallet ct al., 1987). However, in 
another study in which reciprocal transplants were made 
between populations of M. edulis, Dickie et al. (1984) 
found a large environmental influence on growth com¬ 
bined w ith a significant genetic effect. 

We have no information on genetic control of growth 
and reproduction in Placopecten magcllanicus, but the 
considerable phenotypic plasticity in this species on a 
microgeographic scale suggests a strong environmental 
influence, especially since we have correlated changes in 
growth and reproduction with temperature and food 
conditions. This does not necessarily imply that local ge- 
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netic variability is of no importance, sinee genetic diJler- 
entiaiion can still be significant when phenotypic varia¬ 
tion in growth and reproductive traits is greater than the 
genetic component. I he giant seallop exhibits a growth 
pattern described by Sebens (1987) as Type 1 indetermi¬ 
nate growth (plastic asymptotic growih), in which the 
size attained by an individual is largely governed by envi¬ 
ronmental conditions. Such phenotypic variability fora 
single species merits consideration in any analysis of the 
adaptive value of reproductive tactics, but has received 
little attention (Bayne cl al ., 1983). In the same vein, 
Stearns(1976)has cautioned investigators against invok¬ 
ing evolutionary explanations to account for reproduc¬ 
tive trends without first eliminating genetic and environ¬ 
mental factors, especially food. We conclude that grow th 
and reproductive traits in Placnpcctcn niagelhmicits are 
inter-related and highly variable on a temporal as well as 
a spatial scale, as they probably are in many other bivalve 
species: that local variability often exceeds variation 
along a latitudinal gradient: and that enhanced repro¬ 
ductive output is associated with reduced longevity. 
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